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RIUHVHDUFKHUVLQUHFHQWO\2QHRIWKHIRUHPRVWFKDOOHQJHVLQYHKLFXODUQHWZRUNVLVWRGHVLJQSURWRFROVWKDWFDQ
KDQGOHWKHKLJKPRELOLW\RIYHKLFOHVDQGFRQVWDQWFKDQJHVLQWKHXQGHUO\LQJWRSRORJ\
'XH WR KLJKPRELOLW\ RI9$1(7 WKHZLUHOHVV OLQN EHWZHHQ WZR YHKLFOHV LV VKRUWOLYHG7KH FKDQQHO
TXDOLW\ LQIRUPDWLRQ IURP SK\VLFDO DQG0$& OD\HU KHOS WKH VHQGHU LQ SUHGLFWLQJ WKH OLQN FRQQHFWLRQ WLPH
VXEVHTXHQWO\ WKH VHQGHU FDQ ILQG D QHZ UHFHLYHU EHIRUH WKH FXUUHQW OLQN LV GLVFRQQHFWHG 7KXV FURVVOD\HU
LQWHUDFWLRQ EHWZHHQ 0$& OD\HU DQG KLJKHU OD\HUV LV GHVLUDEOH WR PDLQWDLQ OLQN FRQQHFWLYLW\ DQG LPSURYH
V\VWHPSHUIRUPDQFH:HFRQVLGHUWKLVZRUNVLQVRPHSURSRVHGURXWLQJSURWRFROV,Q>@WKHDXWKRUVSURSRVHG
WKH0RYHPHQW3UHGLFWLRQEDVHG5RXWLQJ 0235 SURWRFRO7KH\XVHGPRYHPHQWSUHGLFWLRQ LQIRUPDWLRQRI
HDFK YHKLFXODU IRU 99 FRPPXQLFDWLRQ LQ 9$1(7 ,W LPSURYHV WKH URXWLQJ SURFHVV E\ WDNLQJ WKH YHKLFOH
PRYHPHQWLQIRUPDWLRQWKDWLVW\SLFDOO\DYDLODEOHLQ0$&OD\HUVXFKDVSRVLWLRQGLUHFWLRQVSHHGDQGQHWZRUN
WRSRORJ\ LQWR FRQVLGHUDWLRQ %DVHG RQ VXFK YHKLFXODU LQIRUPDWLRQ 0235 SUHGLFWV WKH IXWXUH ORFDWLRQ RI
LQWHUPHGLDWHUHOD\QRGHVZKLFKFDQVXEVHTXHQWO\EHXVHGWRHVWLPDWHWKHOLIHWLPHRISRLQWWRSRLQWOLQNV
6LPLODUWR0235;L<XHWDOSURSRVHGDUHOLDEOHURXWLQJSURWRFROIRU9$1(7QDPHG$2'99$1(7
7KH\XVH7RWDO:HLJKWRIWKH5RXWH7:5EHWZHHQWKHVRXUFHDQGGHVWLQDWLRQQRGHV>@7:5FRPSULVHQRW
RQO\9HKLFOH6SHHGDQG9HKLFOH0RYHPHQW'LUHFWLRQEXWDOVR/LQN4XDOLW\EHWZHHQ9HKLFOHV,Q IDFW WKH\
PRGLI\ $G KRF 2Q'HPDQG 'LVWDQFH 9HFWRU $2'9 >@ SDUDPHWHUV E\ FRPSOHPHQW VSHHG GLUHFWLRQ RI
YHKLFXODUVDQGH[SLUDWLRQWLPHHVWLPDWLRQZLWKWKHDLPRIDFKLHYLQJEHWWHUURXWLQJSHUIRUPDQFH
$OWKRXJK0235DQG$2'99$1(7FRQVLGHUOLQNTXDOLW\LQIRUPDWLRQIRULPSURYLQJURXWLQJSURFHVV
WKHLUJDLQ LV DPLQRUDGMXVWPHQW2EYLRXVO\ LQGHQVHYHKLFXODUHQYLURQPHQW WKHPXOWLSDWK URXWLQJ LVPRUH
SUHGRPLQDQW WKDQ VLQJOHSDWK URXWLQJ 7KHUHIRUH WKHVH SURWRFROV QHHG FRQVLGHU URXWH VHOHFWLRQ LQ XUEDQ
HQYLURQPHQW
$V WZR DIRUHPHQWLRQHG SURWRFROV RXU SURSRVHG URXWLQJ SURWRFRO DOVR XVH HQGWRHQG GHOD\ LQIRUPDWLRQ
DYDLODEOH LQ0$& OD\HU IRUEXLOGLQJ URXWHV%XWRXUSURSRVHG URXWLQJSURWRFROFRQVLGHUV URXWH VHOHFWLRQE\
XVLQJK\EULGURXWLQJPRGHO7KHUHVWRIWKHSDSHULVGLYLGHGLQWRIRXUSDUWV,QWKHVHFRQGSDUWZHVWDJHRXW
VXPPDU\RIURXWLQJSURWRFROIRUYHKLFXODUDGKRFQHWZRUN,WFRPSULVHSURDFWLYHUHDFWLYHDQGK\EULGURXWLQJ
SURWRFRO 7KH WKLUG SDUW LV RXU SURSRVHG URXWLQJ SURWRFRO ,Q WKDW ZH ILUVW PHDVXUH HQGWRHQG GHOD\
VXEVHTXHQWO\ XVH WKDW UHVXOW IRU EXLOGLQJ URXWHPHWULF RI RXUSURSRVHG URXWLQJ SURWRFRO7KH IRXUWKSDUWZH
SUHVHQWVRPHVLPXODWLRQUHVXOWVRIRXUPRGHO7KHILIWKSDUWLVWKHFRQFOXVLRQRISDSHU
5HODWHGZRUNV
7KLVSDUWZHVXPPDUL]HVRPHPDLQDWWULEXWHVRIURXWLQJSURWRFROIRU9$1(7,WLVWKHEDFNJURXQGRIRXU
SURSRVHGURXWLQJSURWRFRO
,Q 9$1(7 HDFK QRGH FDQ EH VHHQ DV KRVWV DQG URXWHUV $V KRVWV QRGHV QHHG WR SURYLGH XVHURULHQWHG
VHUYLFHV DV URXWHUV QRGHV QHHG WR UXQ WKH URXWLQJ SURWRFROV LQ DFFRUGDQFH ZLWK URXWLQJ VWUDWHJLHV QRGHV
LQYROYHSDFNHW IRUZDUGLQJ DQG URXWHUPDLQWHQDQFH:KHQ WKH VRXUFHQRGHV DQGGHVWLQDWLRQQRGHV KDYH WKH
UHTXLUHPHQWRIFRPPXQLFDWLRQDQGWKH\DUHQRWZLWKLQWKHVFRSHRIZLUHOHVVWUDQVPLVVLRQWKHQWKH\UXQWKH
URXWLQJSURWRFROVE\RWKHUQRGHVDQGVHQGGDWDE\ZLUHOHVVPXOWLKRSDSSURDFK
$FFRUGLQJWRWKHGLIIHUHQWGULYHUPRGHOVRIURXWHGLVFRYHU\URXWLQJSURWRFROVIRU9$1(7FDQEHGLYLGHG
LQWR SURDFWLYH DQG UHDFWLYH URXWLQJ SURWRFRO &RPELQHG ZLWK WKH DGYDQWDJHV RI WKHVH WZR W\SHV RI URXWLQJ
SURWRFROVLVWKHK\EULGURXWLQJSURWRFRO
• 3URDFWLYHURXWLQJSURWRFROV
,QSURDFWLYHURXWLQJSURWRFROVEHFDXVHHDFKQRGHPXVWUHWDLQWKHODWHVWURXWLQJWDEOHLQWKHORFDOQHWZRUN
VR ZKHQ QHWZRUN WRSRORJ\ FKDQJHV URXWLQJ FKDQJHV PXVW EH VHQG WR HDFK QRGH LQ RUGHU WR REWDLQ WKH
FRQVLVWHQWDQGXSWRGDWHQHWZRUNURXWLQJ
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7KHVHNLQGVRIURXWLQJSURWRFRODGDSWWRWKHUHTXLUHPHQWVRI9$1(7WKURXJKWKHPRGLILFDWLRQRIH[LVWLQJ
URXWLQJSURWRFROV
7KLVNLQGRI URXWLQJSURWRFRO UHTXLUHVHDFKQRGH WRXSGDWH LPPHGLDWHO\ZKHQ WKHUH LVDQ\FKDQJH LQ WKH
QHWZRUN)RUH[DPSOHXSGDWHVLQIRUPDWLRQRQO\FRQWDLQFKDQJHVRIWKHURXWLQJRUXSGDWHVWKHHQWLUHURXWLQJ
WDEOHZKLFK LVDIIHFWHGE\YHU\ IDVW FKDQJHRI WKH WRSRORJ\7KHUHIRUHSURDFWLYH URXWLQJSURWRFRO UHTXLUHV
V\VWHP¶VUHVRXUFHVYHU\PXFK%XWZKHQHYHUDQRGHUHTXLUHVVHWXSWKHFRPPXQLFDWLRQLWFDQVHWWLQJXSDOLQN
WRGHVWLQDWLRQLPPHGLDWHO\
• 5HDFWLYHURXWLQJSURWRFROV
5HDFWLYHURXWLQJSURWRFROLQLWLDWHVDURXWLQJUHTXHVWWKDWLVEDVHGRQWKHVSHFLILFQHHGVRIFRPPXQLFDWLRQV
LQVWHDGRISHULRGLFDOO\EURDGFDVWLQJURXWLQJLQIRUPDWLRQSDFNHW7KHUHIRUHLWRQO\SHUIRUPVURXWLQJRSHUDWLRQV
ZKHQWKHQRGHQHHGURXWHPDLQWDLQVWKHURXWLQJLQWKHFRPPXQLFDWLRQSURFHVVGHOHWHVURXWLQJZKHQWKHUHLV
QRFRPPXQLFDWLRQLQORQJWLPH7KHVHPHFKDQLVPVPDNHUHDFWLYHURXWLQJVDYHQHWZRUNUHVRXUFHVHIIHFWLYHO\
7KHUHIRUHWKLVNLQGRIURXWLQJSURWRFROLVPRUHVXLWDEOHIRU9$1(7WKDQSURDFWLYHURXWLQJSURWRFRO
• +\EULGURXWLQJSURWRFROV
+\EULG URXWLQJ SURWRFRO FRPELQHV DGYDQWDJHV RI WKH SURDFWLYH URXWLQJ DQG WKH UHDFWLYH URXWLQJ ,W
SURWHFWVWKHPRUHDFFXUDWHURXWLQJLQIRUPDWLRQLQWKHORFDOVFRSHE\WKHXVHRIUHDFWLYHURXWLQJ%\WKHXVHRI
SURDFWLYHURXWLQJLQIXUWKHUGLVWDQFHURXWLQJLWZLOOUHGXFHWKHRYHUKHDGRIRYHUDOOURXWLQJSURWRFRO7KXVLW
FDQSOD\DEHWWHUQHWZRUNSHUIRUPDQFH VXFKDJUHHPHQWVDUHPRUHDSSOLFDEOH WR WRSRORJ\ LQVSHFLDOVFHQHV
VXFKDVKLJKO\G\QDPLFFKDQJHV
3URSRVHGURXWLQJSURWRFRO
$VZHPHQWLRQHGDERYHWKHFUXFLDOIHDWXUHVRI9$1(7LQFOXGHUDSLGFKDQJLQJRIWRSRORJ\KLJKPRELOLW\
KLJKSUREDELOLW\RIQHWZRUNSDUWLWLRQVDQGHQGWRHQGFRQQHFWLYLW\FRXOGQRWEHJXDUDQWHHG6RRXUSURSRVHG
URXWLQJ SURWRFRO ZDV FRPH IURP DQ LGHD WR EXLOG D URXWLQJ SURWRFRO FDQ PHHW RI WKH UHTXLUHPHQWV DERXW
PLQLPXP URXWLQJ GHOD\ WLPH XVHV PLQLPXP QHWZRUN UHVRXUFHV DQG UHOLDEOH LQ PXOWLUDWH QHWZRUN )RU
PLQLPXPURXWLQJGHOD\ WLPHZHXVHHQGWRHQGGHOD\HVWLPDWLRQ WREXLOG WKH URXWLQJPHWULF)RUPLQLPXP
QHWZRUNUHVRXUFHVDQGPRVWVXLWDEOHIRU9$1(7VFHQDULRZHXVHK\EULGURXWLQJSURWRFROLQRXUPRGHO
(QGWRHQGGHOD\DVVHVVPHQWDQGURXWLQJPDWULF
7KH SDFNHW SURFHVVLQJ GHOD\ DW HDFK QRGH LQFOXGHV WKH SURFHVVLQJ WLPH DW WKH LQGLYLGXDO OD\HUV DQG WKH
LQWHUOD\HUFRPPXQLFDWLRQWLPHDWYDULRXVOHYHOV>@7KHUHIRUHWKH1RGH3URFHVVLQJ7LPH137LV
137 3G$,/&G$73G7,/&G712Y1/G
,/&G102Y0$&/G,/&G033G3  

ZKHUH 3G$ LV WKH SURFHVVLQJ GHOD\ DW WKH DSSOLFDWLRQ OD\HU ,/&G$7 UHSUHVHQWV WKH LQWHUOD\HU
FRPPXQLFDWLRQGHOD\EHWZHHQWKHDSSOLFDWLRQOD\HUDQGWKHWUDQVSRUWOD\HU3G7GHQRWHVWKHSURFHVVLQJGHOD\
DWWUDQVSRUWOD\HU,/&G71UHSUHVHQWVWKHLQWHUOD\HUFRPPXQLFDWLRQGHOD\EHWZHHQWKHWUDQVSRUWOD\HUDQGWKH
QHWZRUN OD\HU2Y1/G GHQRWHV WKH RYHUDOO GHOD\ DW WKH QHWZRUN OD\HU ,/&G10 UHSUHVHQWV WKH LQWHUOD\HU
FRPPXQLFDWLRQGHOD\EHWZHHQWKHQHWZRUNOD\HUDQGWKH0$&OD\HU2Y0$&/GGHQRWHVWKHRYHUDOOGHOD\DW
WKH0$& OD\HU ,/&G03 UHSUHVHQWV WKH LQWHUOD\HU FRPPXQLFDWLRQ GHOD\ EHWZHHQ WKH0$& OD\HU DQG WKH
SK\VLFDOOD\HUDQG3G3GHQRWHVWKHSURFHVVLQJGHOD\DWSK\VLFDOOD\HU
,QRXUZRUNVZHXVHGHOD\HGLQIRUPDWLRQIURP,/&G102Y0$&/GDQGSURSDJDWLRQIRUEXLOGLQJURXWLQJ
PHWULF7KHUHIRUHQRGHSURFHVVLQJWLPHDEOHWRFRQVLGHUDV
137 ,/&G102Y0$&/G,/&G033G3  
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7KH0$& WUDQVPLVVLRQ GHOD\ GHSHQGV RQ WKH EDFNRII PHFKDQLVP RI WKH 0$& SURWRFRO DQG WKH DYHUDJH
QXPEHURIUHWUDQVPLVVLRQVUHTXLUHGIRUDSDFNHWWREHVXFFHVVIXOO\WUDQVPLWWHG,ILLVWKHDYHUDJHQXPEHURI
UHWUDQVPLVVLRQV UHTXLUHG IRU D VXFFHVVIXO SDFNHW WUDQVPLVVLRQ WKHQ WKH DPRXQW RI WLPH VSHQW E\ WKH0$&
OD\HULQWUDQVPLWWLQJWKLVSDFNHWRYHUWKHFKDQQHO2Y0$&/GLVJLYHQDV>@>@

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ʹ
כ ݏ݈݋ݐ ൅ ܴܶܵ ൅ ߤ ൅ ܵܫܨܵ൰
௜ିଵ
௝ୀ଴
൅ ܦܫܨܵ
൅
ܥ ௝ܹ െ ͳ
ʹ
כ ݏ݈݋ݐ ൅ ܴܶܵ ൅ ܥܶܵ ൅ ܦܣܶܣ ൅ ܣܥܭ ൅ Ͷ כ ߤ ൅ ͵ כ ܵܫܨܵሺ͵ሻ
ZKHUH576 LV WKH WLPH VSHQW LQ WKH576SDFNHW WUDQVPLVVLRQ&76 LV WKH WLPH VSHQW LQ WKH&76SDFNHW
WUDQVPLVVLRQ'$7$LVWKHWLPHVSHQWLQWKHGDWDWUDQVPLVVLRQ$&.LVWKHWLPHVSHQWLQWKHDFNQRZOHGJHPHQW
WUDQVPLVVLRQ6,)6LVWKHVKRUWLQWHUIUDPHVSDFHDQGLVWKHSURSDJDWLRQGHOD\
$VVXPHWKDWWKHVRXUFHDQGGHVWLQDWLRQDUHVHSDUDWHGE\DQDYHUDJHRIQKRSVZHKDYH
7RW0$&/G Q2Y0$&/G   
7RW Q$YJ    
7KH DYHUDJH WLPH VSHQW IRU D SDFNHW WUDQVPLVVLRQ GHSHQGV RQ WKH DYHUDJH QXPEHU RI UHWUDQVPLVVLRQV
UHTXLUHG IRU VXFFHVVIXOO\ WUDQVPLWWLQJ D SDFNHW7KHUHIRUH LI LLV WKH DYHUDJHQXPEHURI DWWHPSWV IRU WKH
VXFFHVVIXO WUDQVPLVVLRQRID SDFNHW WKHQ WKH WLPH VSHQWE\ WKH0$& OD\HU IRU WUDQVPLWWLQJ D VLQJOH55(4
SDFNHW55(43NWLQWKHIRXUZD\KDQGVKDNHWUDQVPLVVLRQLVJLYHQE\ZKHUHWKH'$7$UHSUHVHQWVDQ
55(4SDFNHW,IWKHDYHUDJHQXPEHURIURXWHGLVFRYHU\SURFHVVHVUHTXLUHGWREHLQLWLDWHGWRREWDLQDURXWHWR
WKHGHVWLQDWLRQLVQ55(4VDYJWKHQWKHWRWDOWLPHVSHQWLQWKHURXWHGLVFRYHU\SURFHVVHV55(47WRWLVJLYHQE\

55(47WRW 55(43NW55(3RXWכQ55(4VDYJ  
ZKHUH55(3RXWLVWKHDYHUDJH55(3WLPHRXWSHULRGDWWKHQHWZRUNOD\HU:HKDYHDQHVWLPDWLYHHQGWR
HQGGHOD\IRUPXODDV
((G5'7 55(47WRW7RW0$&/G7RW  
7KHHQGWRHQGGHOD\ LQIRUPDWLRQZDVDVVHVVHGE\IRUPXOD:HXVH WKLV LQIRUPDWLRQDV URXWHPDWULF
DQGGHILQH VHW ³FORVHQHLJKERU´RIHDFKQRGH LQ WKHQHWZRUN1RGH M LV WKHQHLJKERURIQRGH L DQGQRGH M
EHFRPHFORVHQHLJKERU RI QRGH L LI RQO\ LI((G5'7LM ((G5'7LDYUZKHUH((G5'7LM LV HQGWRHQGGHOD\
WLPHEHWZHHQQRGH L DQGQRGH M((G5'7LDYU LV WKH DYHUDJH HQGWRHQG WLPHGHOD\EHWZHHQQRGH L DQG LW¶V
QHLJKERUV7KHUHIRUHZHKDYHVHWRIFORVHQHLJKERURIQRGHL&1%1LDV
&1%1L ^QRGHMŇQRGHMLVWKHQHLJKERURIQRGHL	((G5'7LM((G5'7LDYU`  

5RXWHGLVFRYHU\VWUDWHJ\
5RXWHGLVFRYHU\VWUDWHJ\LVGLYLGHGWZRSKDVHV7KHILUVWSKDVHLVWKHSURFHVVWRORRNIRUDGHVWLQDWLRQQRGH
LQ WKH QHLJKERU WDEOH ,I 'HVWLQDWLRQ QRGH LV LQ QHLJKERU WDEOH WKHQ WKH 6RXUFH QRGH VHQGV 55(4 WR
'HVWLQDWLRQQRGHE\XVLQJXQLFDVWDQG'HVWLQDWLRQQRGHUHSOLHV55(3WR6RXUFHQRGHDOVRE\XVLQJXQLFDVW
$IWHU WKDW WKH OLQNEHWZHHQ6RXUFHQRGH DQG'HVWLQDWLRQQRGH LV VHWWLQJ XS WKH URXWHGLVFRYHU\SURFHVV LV
ILQLVKHG,I'HVWLQDWLRQQRGHLVQRWLQQHLJKERUWDEOHWKHQWKHURXWHGLVFRYHU\SURFHVVFKDQJHVWRVHFRQGSKDVH
,QWKHVHFRQGSKDVHRIURXWHGLVFRYHU\WKH6RXUFHQRGHVHQGVDGGUHVVRI'HVWLQDWLRQQRGHDQGIDUQRGHVWR
FORVHQRGHVE\XVLQJPXOWLFDVW7KH'HVWLQDWLRQQRGHDGGUHVVLVIRUQH[WQRGHWRFRQWLQXHGLVFRYHU\SURFHVVWR
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ILQG'HVWLQDWLRQQRGH7KHIDUQRGHDGGUHVVLVIRUUHVWULFWLQJURXWLQJRYHUKHDGLQQH[WVWHSV,QQH[WVWHSRI
URXWHGLVFRYHU\SURFHVVHDFKQRGHLQWKHVHWRIFORVHQHLJKERUQRGHFRQWLQXHVSHUIRUPLQJWKHURXWHGLVFRYHU\
SURFHVVIURPWKHILUVWSKDVH,WILQLVKHGZKHQVHWWLQJXSURXWHWRWKH'HVWLQDWLRQQRGH
3DUDPHWHUVXVHGLQURXWLQJGLVFRYHU\SURFHVVDOJRULWKPDWRQHQRGHDUH
29+B1%51XPEHURIRYHUKHDGQHLJKERU
29+B&/6B1%51XPEHURIRYHUKHDGFORVHQHLJKERU
55(4B1801XPEHURIDOORZDEOH55(4SDFNHWV
1RGHLBDGGUHVV,3DGGUHVVRIQRGHL
,)QRGHLUHFHLYHVDUHTXLUHPHQWWRFRQQHFWWRQRGHM
7+(1^
)25L 29+B1%5L
^,)QHLJKERUBDGGUHVV  QRGHMBDGGUHVV7+(1^
6HQG$GGU55(4H[LW`
(/6(^
)25M 29+B&/6B1%5M
^6HQG$GGU55(455(4B1XPEHU`
```
$OJRULWKP5RXWH'LVFRYHU\
ZKHUH6HQG$GGU55(4LVDIXQFWLRQWRVHQG55(4PHVVDJHWRQH[WQRGH$GGULVDGGUHVVRI'HVWLQDWLRQ
QRGHV ,I $GGU LV RQO\ RQH DGGUHVV LW XVHV IRU XQLFDVW ,I $GGU LQFOXGHV DOO RI FORVH QHLJKERU LW XVHV IRU
PXOWLFDVW,I$GGULQFOXGHVDOORIQHLJKERULWXVHVIRUEURDGFDVW%XWLQRXUSURSRVHGURXWLQJSURWRFROQRWXVHV
EURDGFDVWPHWKRG :KHQ'HVWLQDWLRQ QRGH UHFHLYHG WKH55(4 LW FDQ XVH5HSO\ 55(3 IXQFWLRQ5HSO\
55(3LVDIXQFWLRQWRVHQG55(3PHVVDJHEDFNWRSULRUQRGHRIFXUUHQWQRGH,ISULRUQRGHLVLQWHUPHGLDWH
QRGH LW FRQWLQXHVXVHG5HSO\ 55(3 WR VHQG55(3PHVVDJH WR LWVSULRUQRGH7KLVRSHUDWLRQ UHSHDWXQWLO
55(3UHDFKHG6RXUFHQRGH
3URWRFRORSHUDWLRQ
)RUEXLOW WKHQHLJKERU WDEOH WKLVSURWRFRORSHUDWLRQ LV WKH VDPHDVSURDFWLYH URXWLQJSURWRFRO2QHQRGH
XVHV³+HOOR´SDFNHW WRPDLQWDLQ WKHUHODWLRQVKLSZLWKQHLJKERUQRGHV ,I WKHUH LVDQ\DQHZQRGH LQ LW¶V WKH
SURSDJDWLYH UDQJH WKLV QRGH LV XVLQJ ³+HOOR´ SDFNHW WR XSGDWH LQIRUPDWLRQ RI WKH QHZ QRGH 7KHUHIRUH
QHLJKERUWDEOHRIHDFKQRGHLQQHWZRUNDOZD\VZDVXSGDWHGLQVWDQWDQHRXVO\
7KHUHVWRIWKHSURWRFROLVVLPLODUWRUHDFWLYHURXWLQJSURWRFROEXWWKHUHLVRQHPRGLILFDWLRQ:KHQ6RXUFH
QRGH UHFHLYHV D UHTXLUHPHQW WR VHQG PHVVDJH WR 'HVWLQDWLRQ QRGH ILUVW VWHSV LW ORRN IRU 'HVWLQDWLRQ QRGH
DGGUHVVLQQHLJKERUWDEOH,I'HVWLQDWLRQQRGHLVLQQHLJKERUWDEOHLWXVHVVHQG$GGU55(4VHQG55(4WR
'HVWLQDWLRQQRGHDQG'HVWLQDWLRQQRGHXVHVUHSO\55(3UHSO\55(3WR6RXUFHQRGHDQGGLVFRYHU\SURFHVV
LV ILQLVKHG,I'HVWLQDWLRQQRGHLVQRWLQQHLJKERUWDEOH6RXUFHQRGHVHQGV55(4WRVWURQJQHLJKERUQRGH
7KLVRSHUDWLRQUHVWULFWVWKHURXWLQJRYHUKHDGWKHVDPHDV2/65>@)XUWKHUPRUHLWLVDFRQGLWLRQZLOOEHVXUH
WKHVHWWLQJXSURXWHZLOOEHUDSLGFRQYHUJHQFHDQGUHOLDEOH
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6LPXODWLRQUHVXOWV
,QWKLVSDUWZHVKRZSUHOLPLQDU\UHVXOWVFRPSDULQJEHWZHHQRXUSURSRVHGURXWLQJSURWRFRO(('$+53
HQGWRHQ GHOD\ DVVHVVPHQW DQG K\EULG URXWLQJ SURWRFRO DQG RQH SRSXODU SURWRFRO $2'9 :H XVH WKH
GHYHORSHGPRGXOHLQQV>@ZLWKVXSSRUWRI0RQDUFK>@WRVLPXODWH(('$+53DQG$2'9LQWKHVDPH
FRQGLWLRQRISHUIRUPDQFH7KHQHWZRUNZDVVHOHFWHGZLWKWKHQXPEHURIQRGHVYDU\LQJIURPWR1RGHV
DUH UDQGRPO\ GLVWULEXWHG RYHU P [ P DUHD 6HQGUHFHLYH GDWD SDFNHWV EHWZHHQ 6RXUFH QRGH DQG
'HVWLQDWLRQQRGHXVHWKH,(((JXVHV,((('&)IRUFKDQQHODFFHVVDQGGDWDSDFNHWVL]HLVVHW
WRE\WHV(DFKURXWLQJSURWRFROZDVGHSOR\HGLQWKHVDPHVFHQDULRIRUUXQVLPXODWLRQ
2EYLRXVO\ IURPILJWKH WLPHIRUURXWHGLVFRYHU\LVGLUHFWO\SURSRUWLRQDOWRQRGHV%XWRXUSURSRVHG
URXWLQJSURWRFRO(('$+53ZDVPRUHVORZO\LQFUHDVHWKDQ$2'97KHWLPHIRUHDFKVWHSLQURXWHGLVFRYHU\
FDQ VKULQN E\ XVLQJ HQGWRHQG GHOD\ DVVHVVPHQW IRU URXWH PDWULF DQG UHOD\LQJ GHVWLQDWLRQ QRGH WR µFORVH
QHLJKERUV¶ PHFKDQLVP ,Q ILJ LW LV REVHUYHG WKDW HQGWRHQG GDWD WUDQVIHU WLPH LQYHUVHO\ SURSRUWLRQDO WR
QRGHV%XWZHFDQVHHHQGWRHQGGDWDWUDQVIHUWLPHGHFUHDVHVYHU\IDVWLQ(('$+53



 
$V LQHYLWDEOH UHVXOWV WKH RSWLPDO GHOD\ WLPH LQ URXWH GLVFRYHU\ DQG HQGWRHQG GDWD WUDQVIHU WLPHPDGH
(('$+53 JDLQ RXWVWDQGLQJ SHUIRUPDQFH ,W LV LOOXVWUDWHG LQ ILJ DQG ILJ ZLWK PHDVXULQJ QHWZRUN
WKURXJKSXWDQGSDFNHWORVVUDWHSDUDPHWHUV
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&RQFOXVLRQ
,QWKLVSDSHUZHSURSRVHGDSURSHUURXWLQJSURWRFROIRU9$1(7%\XVLQJHQGWRHQGGHOD\LQIRUPDWLRQ
IRU EXLOGLQJ URXWH PHWULF LW VKULQNV URXWH GLVFRYHU\ WLPH DQG PDNHV EXLOGLQJ URXWH UDSLG FRQYHUJHQFH
)XUWKHUPRUH LW LQKHULWV WKHDGYDQFHGSURSHUWLHVRISURDFWLYHURXWLQJSURWRFRODQGUHDFWLYHURXWLQJSURWRFRO
:LWK XVLQJ XQLFDVW PXOWLFDVW DQG EURDGFDVW PHFKDQLVPV DSSURSULDWHO\ LW UHGXFHV VLJQLILFDQWO\ FRQWURO
RYHUKHDG DQG SURFHVVLQJ RYHUKHDG  7KHUHIRUH LW PHHW WKH FRPPXQLFDWLRQ UHTXLUHPHQWV DV IDVW VHWWLQJ XS
FRQQHFWLRQ OLQN UHOLDEOH OLQN UHGXFLQJ EURNHQ OLQN DQG LQFUHDVLQJ QHWZRUN WKURXJKSXW LQ 9$1(7
HQYLURQPHQW
$FNQRZOHGJHPHQWV
7KLVUHVHDUFKZDVVXSSRUWHGE\WKH1DWLRQDO6FLHQFHDQG7HFKQRORJ\0DMRU3URMHFW:LUHOHVV,QQRYDWLYH
&DPSXV$UHD1HWZRUNV3URMHFW1R=;
5HIHUHQFHV
>@00(128$50 /HQDUGL))LODOL ³$PRYHPHQW SUHGLFWLRQ EDVHG URXWLQJ SURWRFRO IRU YHKLFOHWR
YHKLFOHFRPPXQLFDWLRQV´&RPPXQLFDWLRQV
>@;L<X+XDTXQ*XR:DL&KRRQJ:RQJ³$5HOLDEOH5RXWLQJ3URWRFROIRU9$1(7&RPPXQLFDWLRQV´
:LUHOHVV&RPPXQLFDWLRQVDQG0RELOH&RPSXWLQJ&RQIHUHQFH,:&0&SS±
>@&(3HUNLQVDQG(05R\HU³$GKRF2Q'HPDQG'LVWDQFH9HFWRU5RXWLQJ´,Q3URFHHGLQJVRIWKHQG
,(((:RUNVKRSRQ0RELOH&RPSXWLQJ6\VWHPVDQG$SSOLFDWLRQVSDJHV±1HZ2UOHDQV/$
>@$67DQHQEDXP³&RPSXWHU1HWZRUNV´UGHG3HDUVRQ(GXFDWLRQ
>@*%LDQFKL³3HUIRUPDQFHDQDO\VLVRIWKHLHHHGLVWULEXWHGFRRUGLQDWLRQIXQFWLRQ´ ,(((-RXUQDO
RQ6HOHFWHG$UHDVLQ&RPPXQLFDWLRQVYROQRSS±0DUFK
>@0..DGL\DOD DQG5 3HQGVH ³0RGHO DQG DQDO\VLV RI ,((( GLVWULEXWHG FRRUGLQDWLRQ IXQFWLRQ
PHGLXP DFFHVV FRQWURO SURWRFRO XVLQJ WKH VHPLPDUNRY SURFHVV´ $15& (&('HSDUWPHQW:LFKLWD 6WDWH
8QLYHUVLW\7HFK5HSYHUVLRQ0D\
>@7&ODXVHQDQG3-DFTXHW³2SWLPL]HGOLQNVWDWHURXWLQJSURWRFROROVU´1HWZRUN:RUNLQJ*URXSYRO
3URMHFW+LSHUFRP,15,$
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